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Abstract
Background

Maternal vascular adaptation influences blood pressure (BP) regulation and arterial stiffness.
Ambulatory blood pressure monitoring (ABPM) allows calculation of the Ambulatory Arterial Stiffness
Index (AASI), a non-invasive surrogate of vascular compliance. Data on these parameters in Latin
American populations remain scarce.

Methods

This exploratory study included 81 women (36 nonpregnant; 45 healthy pregnant). 24-hour ABPM
assessed BP, circadian patterns, and AASI. Comparisons were made by pregnancy status and
gestational age (< 20 vs. ≥20 weeks) using Welch tests and bootstrap confidence intervals.

Results

Mean 24-hour BP was comparable between pregnant (111/66 mmHg) and nonpregnant women (115/69
mmHg; p > 0.05). AASI values were also similar between groups (0.33 ± 0.12 vs. 0.31 ± 0.18; p > 0.05),
though pregnant women exhibited significantly reduced variability confirmed by bootstrap analysis. After
20 weeks, a significant shift from dipper to non-dipper systolic pattern occurred (p < 0.00001, Cramer’s V 
= 0.703). Circadian patterns and AASI were not significantly associated.

Conclusions

Pregnancy involves distinct hemodynamic shifts, specifically a non-dipper pattern after mid-gestation
and reduced AASI variability. These exploratory findings provide a physiological baseline for vascular
adaptation in this population, informing future research on hypertensive disorders.

Summary Table
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What is known about this topic

• Pregnancy involves significant hemodynamic adaptations and vascular remodeling to
accommodate increased blood volume.

• The Ambulatory Arterial Stiffness Index (AASI) is an established surrogate marker of arterial
stiffness and a predictor of cardiovascular risk in the general population.

• Evidence regarding AASI and circadian blood pressure patterns in Latin American pregnant cohorts
is currently scarce.

What this study adds

• This exploratory study provides preliminary reference values for AASI and circadian profiles in a
healthy Venezuelan obstetric population compared to non-pregnant controls.

• A significant shift from a "dipper" to a "non-dipper" systolic pattern was identified after 20 weeks of
gestation, even in low-risk pregnancies.

• These findings suggest that 24-hour ABPM-derived indices like AASI can capture the physiological
limits of vascular adaptation during healthy pregnancy.

1. Introduction
Pregnancy is a complex physiological process that involves profound cardiovascular and hemodynamic
adaptations to ensure maternal and fetal well-being (1; 2). Among these changes, a decrease in mean
arterial pressure is observed in midgestation, together with a reduction in systemic vascular resistance,
largely mediated by estrogen and progesterone (3; 4).

Gestational hypertension remains a major public health concern due to its impact on maternal and
perinatal morbidity and mortality, highlighting the need for diagnostic and predictive tools with greater
sensitivity than isolated blood pressure measurements in the office (5).

Ambulatory blood pressure monitoring (ABPM) provides valuable information on circadian blood
pressure patterns and allows calculation of additional parameters, such as pulse pressure and the
Ambulatory Arterial Stiffness Index (AASI). AASI, derived from ABPM, is a reproducible surrogate of
arterial stiffness. (6; 7; 8; 9; 10; 11; 12; 13; 14; 15). 

In pregnant women, hormonal and hemodynamic changes can influence arterial stiffness and circadian
blood pressure patterns, suggesting that AASI
could serve as a complementary tool for the early identification of women at risk of pregnancy
hypertensive disorders (16; 17; 18).

Despite the clinical utility of the Ambulatory Arterial Stiffness Index (AASI), its reference values during
normal vascular adaptation in Latin American pregnant populations remain unexplored. This study
addresses this gap by characterizing circadian patterns and AASI in a Venezuelan cohort, providing
essential data for regional cardiovascular health.
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2. Methods
2.1.  Study design and ethical considerations

We conducted an observational and analytical study using the database of the Research Group of the
Chair of Clinical Medicine and Therapeutics A, School of Medicine, Luis Razetti, Central University of
Venezuela. Data analyzed in this study were obtained from a previous investigation conducted by the
same research group, which had been reviewed and approved by the Caracas Military Hospital Bioethics
Committee (18). That study complied with the principles of the Declaration of Helsinki and the
Declaration of Taipei. All participants provided written informed consent for the use of their clinical and
ambulatory blood pressure monitoring data. For the present analysis, only deidentified data were used.

2.2.  Population and sample

This exploratory pilot study was designed to characterize the distribution of AASI values in a specific
regional cohort, providing a basis for future longitudinal investigations with larger sample sizes.

We included healthy women aged 18–45 with complete ABPM (70% valid readings, with 15-minute
intervals during the day and 20-minute intervals during sleep); hypertension, diabetes, kidney disease, or
antihypertensive therapy were exclusion criteria.

Participants were selected from a prospective database, and for this analysis, we included only women
with no prior history of chronic hypertension, diabetes, or renal disease, as confirmed through medical
record review at the time of ABPM placement, ensuring a true low-risk physiological profile.

2.3.  Ambulatorybloodpressuremonitoring(ABPM)

Validated ABPM devices were used with standard daytime and nighttime intervals.

Circadian blood pressure patterns were classified as dipper, non-dipper, over-dipper, or riser, according to
the nocturnal decrease in systolic blood pressure. The Ambulatory Arterial Stiffness Index (AASI) was
defined using linear regression. For each participant, AASI was calculated as follows:

AASI = 1 − m(1)

where m is the slope of the ordinary least squares regression of diastolic
blood pressure (DBP, Y axis) on systolic blood pressure (SBP, X axis) across all 24-hour ABPM readings,
with an unconstrained intercept.

2.4.  Statistical analysis

Data were organized in Excel and processed with the Real Statistics Resource Pack. Categorical
variables were summarized as frequencies and percentages, and continuous variables as mean ±
standard deviation. Normality was tested with the Shapiro–Wilk. Group comparisons used ANOVA or
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Student’s t test, with chi-square/Fisher’s exact for categorical data; effect size was estimated with
Cramer’s V. Variance homogeneity was assessed, and when heteroskedasticity was present, robust
methods (Welch ANOVA/t test) were applied. Bootstrap resampling provided 95% confidence intervals
for medians, and boxplots illustrated variability. A new AASI cutoff was proposed based on the 95% CI of
mean values in healthy pregnancies. Statistical significance was set at p < 0.05.

3. Results
A total of 85 women were initially identified from the database. After excluding two cases with
incomplete ABPM data, one patient with chronic hypertension and one with gestational diabetes, the
final sample consisted of 81 women (Figure 1). Of these, 36 (44%) were non-pregnant women of
reproductive age, and 45 (56%) were healthy pregnant women. The mean age was 32 ± 8.5 years in the
non-pregnant group and 33 ± 8.6 years in the pregnant group.

Of the pregnant cohort, 23 (51%) women were evaluated before 20 weeks and 22 (49%) at or beyond 20
weeks of gestation. Mean 24-hour blood pressure was statistically comparable between pregnant and
non-pregnant women (Table 1). AASI values were also similar between groups (0.33 ± 0.12 vs. 0.31 ±
0.18, respectively); although initial ANOVA suggested potential differences by gestational age, robust
Welch tests did not confirm significance (Table 2, Figure 2). Notably, pregnant women exhibited narrower
AASI variability, a finding further supported by bootstrap 95% confidence intervals (Table 3).

A definitive shift in circadian blood pressure architecture was identified based on gestational age. While
the systolic dipper pattern predominated in both the reproductive-age group (86%) and the early
pregnancy group (<20 weeks, 83%), a significant transition to a non-dipper profile was observed in
pregnancies ≥20 weeks, where 91% of participants exhibited a non-dipper pattern (χ² p < 0.00001;
Cramer’s V = 0.703).

 Table 1: Epidemiological and clinical data of patients evaluated through Ambulatory Blood Pressure
Monitoring (ABPM)
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This transition occurred despite mean 24-hour blood pressure levels remaining within normotensive
ranges (111 ± 11 / 66 ± 7 mmHg), suggesting a systematic alteration in nocturnal blood pressure
regulation rather than an onset of hypertension (Table 4, Figure 3). AASI did not vary significantly by
circadian pattern or gestational subgroup (Table 5).

Table 2: Ambulatory Arterial Stiffness Index values in women of reproductive age and healthy pregnant
women
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 Table 3: Median, interquartile range (IQR), and bootstrap confidence intervals (95% CI) of AASI in women
of reproductive age and healthy pregnant women

Note: Values are expressed as median (Q1–Q3). Bootstrap confidence intervals (95% CI) were estimated
for medians.

Table 4: Circadian pattern of systolic blood pressure among women of reproductive age and healthy
pregnant women

Using the conventional cut-off point of AASI ≥0.50, no significant associations were observed between
circadian pattern and arterial stiffness in either group (Table 6). A new cut-off point of 0.37, derived from
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the 95% confidence interval of the mean AASI in healthy pregnant women (0.30–0.37), was also tested.
However, no significant associations were found when applying this threshold (Fisher’s exact test, p =
0.1922) (Table 6).

In general, pregnant women showed more homogeneous AASI values with less dispersion compared to
nonpregnant women, regardless of gestational age or circadian pattern. A consistent shift to a systolic
non-dipper pattern was observed after 20 weeks of gestation.

Table 5: Circadian pattern of systolic blood pressure and AASI among women of reproductive age and
healthy pregnant women

Table 6: Association between circadian pattern and AASI thresholds in reproductive-age and pregnant
women
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Discussion
Efforts to estimate cardiovascular risk in pregnant women, particularly through early and reliable
methods to predict preeclampsia and thus prevent maternal-fetal complications, are increasingly
emphasized (19).

The incidence of arterial hypertension during pregnancy has increased in recent years, in parallel with the
obesity epidemic and the tendency to initiate pregnancy at more advanced maternal ages; both are
considered predisposing factors. Hypertension in pregnancy not only produces maternal-fetal
complications but may also represent the onset of future vascular and metabolic alterations. Moreover, it
is not only the most frequent cause of maternal and infant morbidity and mortality, but it can also extend
its negative influence on the long-term cardiovascular health of the offspring (20).

Therefore, pregnancy can be considered a “stress test” for the future
cardiovascular health of the woman, since it requires cardiovascular adaptations that may have long-
term consequences when accompanied by a hypertensive disorder (21;22).

ABPM for 24 hours is currently recommended for hypertensive pregnant women or those with risk
factors (6; 15). The Ambulatory Arterial Stiffness Index (AASI) has been defined in the general population
as an independent cardiovascular risk marker capable of predicting cardiovascular mortality,
cerebrovascular events, and target organ
damage, including renal failure, which frequently affects women in the puerperium. AASI is highly useful
and can be calculated with relative ease from a standard ABPM study.
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Our study included two comparable groups of healthy women: those of reproductive age and pregnant
women, further subdivided by gestational age (<20 and ≥20 weeks). Both groups shared similar clinical–
epidemiological characteristics and mean age.

According to current ESC guidelines, their ambulatory blood pressure values remained within the range
considered non-elevated, confirming that the study population can be considered normotensive. This
provides a reliable baseline for exploring differences in arterial stiffness and circadian patterns as
physiological adaptations of pregnancy (15).

Regarding AASI, both groups showed comparable mean values, but their variability differed. Women of
reproductive age showed greater dispersion, while pregnant women exhibited more homogeneous
values, consistent with physiological stabilization during gestation.

During pregnancy, hemodynamic adaptations occur, including changes in circadian blood pressure
patterns, presumably influenced by trophoblastic invasion and hormonal changes that optimize
microcirculation, endothelial function, and arterial distensibility (4). Park et al. (2022) demonstrated that
hormonal influences can modify arterial stiffness in young women, which may explain the variability
observed in women of reproductive-age in our study. In contrast, pregnancy-related vascular adaptations
appear to stabilize arterial stiffness, resulting in a more consistent hemodynamic behavior (23).
However, in pregnant women, vascular adaptations can stabilize arterial stiffness, resulting in more
consistent hemodynamic behavior.

Different studies have reported contradictory results regarding AASI in various populations. Although
arterial stiffness correlates with methods such as pulse wave velocity (PWV), there is an ongoing debate
as to whether AASI truly reflects stiffness as a parameter and how it should be interpreted (24). Flórez-
Rios et al. evaluated arterial stiffness using PWV and the aortic augmentation index (AIx) as predictors
of low birth weight but found no significant differences in stiffness values between pregnant women
with and without low-birth-weight newborns. These results suggest that arterial stiffness may not
change significantly during pregnancy or that different cut-off values may be required in this population
(25).

Given that pregnant women are a more susceptible risk group, refinement
of AASI as a predictive tool for the evaluation of cardiovascular risk is highly
relevant. However, there is limited evidence on the use of ABPM in studies composed exclusively of
women. Some investigations, such as those by Mortazavi et al. (2023), who demonstrated the impact of
sleep blood pressure classification on nocturnal nondipping, and Hermida et al. (2003), included
predominantly female populations and allowed subgroup analyses. These studies analyzed pulse
pressure and other parameters of ABPM, but few have specifically evaluated AASI during pregnancy (26;
27).

In our study, circadian systolic blood pressure patterns were determined in both groups. Among women
of reproductive age, the systolic dipper pattern predominated, as expected in a low-risk population
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(28). However, in pregnant women, the results differed by gestational age.

The most striking finding of this study is the robust shift toward a systolic non-dipper pattern after the
20th week of gestation. Unlike the general population, where a non-dipper status is often associated with
increased cardiovascular risk and target organ damage, in healthy pregnancy, this phenomenon appears
to represent a pivotal physiological adaptation. We hypothesize that this loss of nocturnal dipping serves
to maintain stable and continuous placental perfusion during sleep, compensating for the systemic
vasodilation and increased blood volume characteristic of mid-to-late gestation. The high effect size
(Cramer’s V = 0.703) underscores that this is not a marginal observation but a consistent feature of
vascular remodeling in our cohort.

Although previous reports have described circadian changes during pregnancy, our results demonstrate
a consistent and statistically robust shift in this cohort. This adaptation may reflect the need to maintain
stable placental perfusion and highlights the value of ambulatory blood pressure monitoring as a
complementary tool to understanding vascular adaptation during pregnancy, while future studies should
clarify its role in risk assessment.

In previous research from our group, Zambrano and López (18) demonstrated that pregnant women shift
from a systolic dipper pattern in the first half of pregnancy (<20 weeks) to a systolic nondipper pattern
after 20 weeks, probably as a physiological vascular adaptation. This finding was reproduced in the
present study, with a strong association between the circadian pattern and gestational age.

When analyzing the association between the circadian pattern and AASI, our results did not show
significant differences in pregnant women, suggesting that vascular behavior during gestation remains
relatively uniform regardless of the circadian pattern. Previous studies reported heterogeneous
associations between AASI and circadian patterns, with differences mainly in extreme cases (risers,
over-dippers); this variability is consistent with reports from Jerrard-Dunne, Raimondo, Boos, and more
recent analyses (Ayala-Hernández) (16; 24; 29; 30).

Beyond the similarity of mean AASI values, the key finding of this study lies in the reduced variability
observed in pregnant women. This homogeneity, confirmed by narrower interquartile ranges and
bootstrap confidence intervals, suggests vascular stabilization during gestation. This consistency may
reflect physiological adaptations that optimize placental perfusion and protect against extreme circadian
blood pressure patterns. Importantly, the application of robust statistical methods (Welch tests and
bootstrap resampling) strengthens the reliability of these conclusions. Although the exploratory
threshold of 0.37 did not discriminate circadian patterns in healthy pregnancies, it may serve as a
reference band for future studies in hypertensive or high-risk cohorts.

In contrast, pregnant women did not show an intragroup association between AASI and the circadian
pattern, likely due to physiological
adaptations to pregnancy. Future studies should evaluate AASI in pregnant women with extreme
circadian patterns (over-dippers, risers), chronic hypertension, preeclampsia, or high cardiovascular risk,
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ideally with multivariate adjustments for confounders such as body mass index, maternal age, parity,
prior preeclampsia, and diabetes. In the general population, AASI ≥0.5 is linked to organ damage, but
pregnancy may require lower cutoffs (11; 12).

We acknowledge that the sample size is modest. However, as an exploratory study, its primary value lies
in the rigorous application of 24-hour ABPM and the first-time reporting of AASI in this specific regional
population. To ensure the reliability of our inferences despite the sample size and the observed
heteroscedasticity, we employed robust statistical methods, including Welch’s tests and bootstrap
resampling for confidence intervals. These findings reveal a clear and statistically robust trend (p <
0.00001, Cramer's V = 0.703) toward a non-dipper systolic pattern after 20 weeks of gestation. Such
preliminary data provide an essential baseline for future longitudinal investigations into the physiological
limits of vascular adaptation during healthy pregnancy. 

Maintaining this line of research is essential. Our observations should be applied to subgroups of
pregnant women with hypertensive disorders, given the demonstrated utility of arterial stiffness
(measured by PWV and pulse wave reflection) as a predictor of preeclampsia, in combination with
uterine artery Doppler and angiogenic biomarkers (31).

Conclusion
This study provides foundational evidence on the physiological limits of vascular adaptation in a healthy
Latin American obstetric cohort. Our findings demonstrate that while mean ambulatory blood pressure
remains within normotensive ranges, pregnancy induces a significant and systematic shift toward a non-
dipper systolic pattern after the 20th week of gestation. This transition likely represents a necessary
hemodynamic adjustment to ensure stable nocturnal placental perfusion.

Furthermore, the Ambulatory Arterial Stiffness Index (AASI) exhibited a notable reduction in variability
compared to non-pregnant controls, suggesting a state of vascular stabilization unique to healthy
gestation. Although AASI did not show a direct association with circadian patterns in this normotensive
group, the establishment of these preliminary reference values is a critical step toward identifying early
vascular maladaptation.

Ultimately, 24-hour ABPM-derived indices, particularly the circadian profile and AASI, offer a more
granular understanding of maternal hemodynamics than isolated office measurements. These tools hold
promise for the early identification of women at risk for hypertensive disorders, and their integration into
clinical monitoring—especially after mid-gestation—warrants further validation in high-risk populations.

6.  Future Work

Future research should evaluate the Ambulatory Arterial Stiffness Index (AASI) in high-risk pregnancies,
including women with chronic hypertension, preeclampsia, or extreme circadian patterns, to determine
its utility as a reliable marker in these subgroups. It will also be important to test lower cutoff points
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adapted to pregnancy physiology and to integrate AASI with complementary tools such as uterine artery
Doppler—assessing resistance indices, flow velocity, and persistence of the protodiastolic notch—
together with angiogenic biomarkers, aiming for a more comprehensive assessment of vascular
adaptation and cardiovascular risk during gestation.
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Figure 1

Patient selection (sample)
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Figure 2

Ambulatory Arterial Stiffness Index in healthy pregnant women and women of reproductive age.
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Figure 3

Circadian pattern among women of reproductive age and pregnant women before and after the 20th
week of gestation
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